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effect of landsliding from an individual earthquake prior to its occurrence is difficult. This study 27 presents first order estimates of the scale and effects of coseismic landsliding resulting from a plate 28 boundary earthquake in the South Island of New Zealand. We model an M w 8.0 earthquake on the 29 Alpine Fault, which has produced large (M 7.8-8.2) earthquakes every 329 ± 68 years over the last 30 8 ka, with the last earthquake ~300 years ago. We suggest such an earthquake could produce 31 ~50,000 ± 20,000 landslides at average densities of 2-9 landslides km −2 in the area of most intense 32 landsliding. Between 50% and 90% are expected to occur in a 7,000 km 2 zone between the fault . In major northern and southern river catchments, total landslide volume is equivalent to up to a 35 century of present-day aseismic denudation measured from suspended sediment yields. This
36
suggests that earthquakes occurring at century-timescales are a major driver of erosion in these 37 regions. In the central Southern Alps, coseismic denudation is equivalent to less than a decade of 38 aseismic denudation, suggesting precipitation and uplift dominate denudation processes.
39
Nevertheless, the estimated scale of coseismic landsliding is considered to be a substantial hazard 40 throughout the entire Southern Alps and is likely to present a substantial issue for post-earthquake 41 response and recovery.
Introduction

46
Large earthquakes in mountains present a substantial hazard as a result of the cascading assessments. To our knowledge, no such attempts have been undertaken previously.
73
One environment requiring such analysis is the Southern Alps in New Zealand, where a number 
88
This study attempts a first-order model of the coseismic landsliding resulting from an Alpine ), can be estimated from:
where is the solid density of suspended sediment in t m −3
, and the factor 2 accounts for SSY 147 representing 50% of total sediment capacity. is inferred to be 2.5 t m Island order 6 or greater river catchments (see Fig. 1 ). 
187
Fuzzy logic is an adaption of classical set theory, and allows a user to define membership 188 curves which establish the degree to which changes in a pre-disposing factor influence landslide 189 occurrence. Thus, modelling changes in these factors throughout a given study area provides giving 68% confidence and 2 standard errors giving 95% confidence ( Table 3) . 
230
Earthquake Hazard bin If a random number, RAND, is considered to represent the probability that V L is 256 less than or equal to some value V' for each landslide in a dataset, such that: 
where n is the total number of landslides and V' is calculated for each landslide, i, is initially set at 1, its real value for each event can be found from the ratio between 276 V LE and V LO ( Table 3) . The results suggest that, for an individual event, k rarely 277 ranges over more than a single order of magnitude; however, across multiple events 278 k varies by as much as three orders of magnitude (Table 3) . We infer this to be an (Fig. 3A) at a depth of ~20 km (Hancox et al., 2003) . The earthquake generated a 323 maximum of MM 9 shaking primarily in an uninhabited region west of Lake Te Anau 324 (Fig. 3A) . As a result, >400 landslides were triggered in a region extending 20-30 km (Fig. 3) . Consequently, the 337 earthquake produced fewer landslides (~200) than the 2003 event (Fig. 3) . Landslide 338 maps were compiled using the same approach as the 2003 earthquake.
339
The relative hazard maps for each earthquake are shown in Fig. 4 corresponding to 90% of landslides in the highest 20% of hazard values (Fig. 4C) .
344
This is consistent with results for the Northridge, Wenchuan, and Chi-Chi 
347
This suggests that the model and data are applicable beyond their initial study areas.
348
The success of the model in Fiordland, and the similarities between Taiwan and the between the Alpine Fault and the main divide (Fig. 6B) . To the north high hazard 390 values cover a larger area, extending ~20 km east of the main divide, probably 391 resulting from the presence of several major mapped faults (Fig. 6C) . Isolating only 392 the highest 20% of hazard values gives a total area of ~7,000 km 2 along the entire 393 length of the fault rupture (Fig. 7) . Assuming this model has similar accuracy to those 394 for the Northridge, Wenchuan, Chi-Chi and Fiordland earthquakes, we expect 50-
395
90% of the total landslides to occur in this region. . In the area of most intense 414 landsliding (Fig. 7) however, average densities are expected between 2.0 and 9.0 415 landslides km −2 at 68% confidence, and 0.6 and 12.0 landslides km −2 at 95% 416 confidence.
417
At the 68% confidence level, the number of landslides anticipated is similar to 418 that observed following the Chi-Chi, Wenchuan, and Guatemala earthquakes ( to-long-term response of major river systems.
463
Herein South Island river catchments of order 6 and larger are investigated (Fig.   464 1). Order 6 catchments likely present the smallest catchments for which meaningful 465 results are possible, as the methods herein give greater uncertainty for smaller areas.
466
In total, using the NIWA River Environment Classification (REC) system, there are 36 467 river catchments of order 6 or higher, which drain >70% of the South Island ( Table 1) .
468
To quantify the relative impacts of landsliding between catchments, a Landslide
469
Factor, L F , is calculated. L F quantifies the relative rate of landsliding per unit 470 catchment area:
472
where N Ci is the number of landslides in catchment i (calculated from the area of per area than the South Island average, while those with L F < 1 produce fewer.
477
Of the catchments investigated, 16 have L F > 1, contributing >65% of the total 478 landslide number despite covering just ~20% of the South Island ( Table 6 ). The
479
Taramakau, Waiho-Callery and Hollyford catchments are worst affected, with L F ~10.
480
This suggests that these catchments experience landslides at ~10× the average
481
Island-wide rate.
482
Of the catchments with L F > 1, 75% are west-draining ( (Fig. 9A) . The Taramakau and Hollyford
493
catchments have broadly similar anticipated volumes to the Buller and Grey 494 catchments (Fig. 9A) , despite being <1/4 of the size ( and lowest in the east-draining catchments (Fig. 9B) , which is broadly consistent 510 with annual aseismic denudation ( Table 1) between 1/3 and 1/2 of total erosion in these catchments.
521
These levels of erosion occur virtually instantaneously and thus have the 522 potential to be catastrophic, because the normal river sediment transport capacity will 523 be exceeded, and thus river behaviour will be dramatically altered. This is true even The method for modelling landslide hazard herein has been deemed sufficient based 532 on success curves (Fig. 4C) earthquake sources) may be the dominant erosional process for these catchments.
